Blockchain technology has evolved as a promising means to transform data management models in many domains including healthcare, agricultural research, tourism domains etc. In the research community, a usable blockchainbased system can allow users to create a proof of ownership and provenance of the research work, share research data without losing control and ownership of it, provide incentives for sharing and give users full transparency and control over who access their data, when and for what purpose. The initial adoption of such blockchain-based systems is necessary for continued use of the services, but their user acceptance behavioral model has not been well investigated in the literature. In this paper, we take the Technology Acceptance Model (TAM) as a foundation and extend the external constructs to uncover how the perceived ease of use, perceived usability, quality of the system and perceived enjoyment influence the intention to use the blockchain-based system. We based our study on user evaluation of a prototype of a blockchain-based research data sharing framework using a TAM validated questionnaire. Our results show that, overall, all the individual constructs of the behavior model significantly influence the intention to use the system while their collective effect is found to be insignificant. The quality of the system and the perceived enjoyment have stronger influence on the perceived usefulness. However, the effect of perceived ease of use on the perceived usefulness is not supported. Finally, we discuss the implications of our findings.
INTRODUCTION
In the research community, data sharing practices are much needed to maximize the knowledge gains from the research efforts, reduce duplicative trials and accelerate discovery. In medicine and healthcare, both personalized patient care and medical research can benefit from ethical and privacy-preserving sharing of patient data and data from clinical trials [1] . A flexible mechanism for obtaining and renewing consent for data use and sharing is required that provides appropriate and meaningful incentives to capitalize from data sharing and ensures transparency for users to be aware of which of their data has been accessed, by whom, for what purpose and under what conditions. Currently, blockchain technology and smart contracts have evolved as a promising means to support immutable and trusted in various use fields including research community [2] , healthcare [3] , agricultural [4] , tourism domains [5] etc. Initially, blockchain was used only to implement virtual currencies [6] , but the applications of the blockchain technology have since quickly evolved to a wide variety of use cases [7] . Smart contracts committed on the blockchain can encode allowed purposes of data use, allowed software apps, people or businesses who can access the data, time limitations, price for access, etc. in various usable cases.
The key idea is that the ledger in the blockchain is neither stored in a centralized location nor managed by any single entity; multiple distributed parties come to a consensus, which is committed into the ledger and thereafter can be accessed by anyone. Computationally, it is impracticable for any corrupted node (unless the number of such nodes is higher majority consensus) to go back and alter the history [8] . Therefore, blockchain provides a new type of platform that is useful for sharing research data by providing solutions to the problems of privacy of user data and compliance to ethics standards and user consent agreements, as well as researcher control and incentives for sharing. The most important criticisms to blockchain-based approaches to date relate to their performance and scalability; yet the rapid development of the technology allows, through thoughtful combinations of blockchains to achieve acceptable performance. A harder problem emerges, related to the user acceptance of blockchain technology in non-currency related application domains.
For example, due to the lack of familiarity with blockchain, it is not clear if researchers would be receptive to using blockchain technology in regulating access and sharing of research data. It is therefore important to study the user acceptance of blockchain-based applications for example if users understand the smart contracts and blockchain technologies and if they can competently share research data. Many studies have evaluated the performance of blockchainbased systems [5] , [9] , [10] , [11] . However, to our best knowledge, no studies have focused on user acceptance of the blockchain-based system. To bridge this gap and advance research in blockchains-and smart contracts-based systems, we adopted the extended Technology Acceptance Model (TAM) to examine the indicators that affect the user's acceptance of the system. We based our study on user evaluation of a prototype of a blockchain-based research data-sharing framework [2] with the TAM validated tool deployed as a research instrument to collect data from 20 participants. We chose to investigate the influence of the perceived ease of use, perceived usefulness, perceived enjoyment and quality of the system, on the participants' intention to use the system. We also analysed the influence of the perceived ease of use, perceived enjoyment and quality of system on perceived usefulness.
The results of our investigation show a stronger influence of quality of system ( = 0.83, p < 0.0001) and perceived enjoyment ( = 0.75, p < 0.0001) on intention to use for the blockchain-based research data sharing system while perceived usefulness ( = 0.5, p < 0.01) and perceived ease of use ( = 0.56, p < 0.05) have moderate and weaker effects respectively. Moreover, our results show that combined effect of all four antecedents, perceived ease of use ( = -0.045, p > 0.05), perceived usefulness ( = 0.053, p > 0.05), quality of system ( = 0.364, p > 0.05) and perceived enjoyment ( = 0.48, p > 0.05) on intention to use (R 2 = 0.75) is found to be insignificant. Specifically, our results show that effect of perceived ease of use ( = 0.45, p > 0.05) on perceived usefulness is unaccepted. However, the quality of system ( = 0.99, p < 0.001) and perceived enjoyment ( = 0.75, p < 0.01) have stronger influence on perceived usefulness.
In the next section, we present some background and related works on blockchains-and smart contracts-based research data sharing system and extended TAM model. Sections III presents our research method with research questions, measurement instruments and the demographics of participants in our survey. The descriptive statistics, measurement models, structural models and brief analysis of the results are presented and discussed in section IV. Finally, section V concludes the paper with future research directions.
II. BACKGROUND AND RELATED WORK

A. Blockchain-based research data sharing
Most researchers, on an individual level, may feel reluctant to share their research data; however, they appreciate the overall benefits of data sharing, which was also concluded from the qualitative interviews-based study conducted in [12] , [13] . Those studies recognized six different ways of data sharing: private management sharing, peer exchange, community sharing, collaborative sharing, sharing for transparent government and public sharing.
There are proposals in the literature (most prominently, [14] ) to use blockchain as access control platform to ensure the privacy of data. In [15] , the authors mentioned some of the technical challenges present in the proposals adopting blockchain as part of their solutions. We proposed [2] a usable blockchain-based model for data sharing in the scientific research domain which addresses these challenges. Two different blockchains are used, providing accountability of access and incentives for sharing, maintaining the complete and updated information, and a verifiable record of the provenance, including all accesses/sharing/usages of the data. This model is the basis for the user-acceptance study that we present in this paper, but since the technical detail is not essential for the study, the interested reader is referred to [2] for a full description.
B. Extended TAM Model
The Technology Acceptance Model (TAM) as shown in Fig. 1 [16] , [17] was introduced on the basis of the Theory of Reasoned Action (TRA) [18] , which claims that behavioral intention is a strong indicator of actual behavior.
The TAM model has been used as a conceptual framework in many literatures to study the potential users' behavioral intention to use a particular technology. The behavioral intention is defined as "the degree to which a person has formulated conscious plans to perform or not perform some specified future behavior" [19] , which is therefore in line with the TRA. The classical TAM focuses on using technology, where perceived ease of use (PEOU) and perceived usefulness (PU) are two factors or antecedent to influence user acceptance behavior. It hypothesizes that the actual use of system is determined by behavioral intention to use, which is in turn influenced by user's attitude toward using the system and perceived usefulness and perceived ease of use of the system as represented in Fig. 1 .
However, many researchers often extend TAM by adding external constructs depending upon the contexts due to the limitation of classical TAM from the fact that many key factors are not included in the model [20] . Perceived enjoyment [21] , quality of system [22] , trust [23] , behavioral control [24] etc. are some of the constructs that have been added as influential variables to user acceptance of the information technology.
TAM is widely used to understand how users come to accept and use information technology. However, there is no literature on TAM in the context of blockchains and smart contracts-based applications, indicating a significant gap in knowledge. To fill this gap our research applies the extended TAM to the distributed ledger technologies. The extended TAM is shown in Fig. 2 . Table I presents the definition of different study's constructs for the corresponding extended TAM that we used in our research. Based on the literature [17] , [21] , [22] about user study, we conducted a similar study to investigate the user perception on the acceptance of the blockchain-based applications. Figure 1 . A classical TAM model [16] , [17] [17] , [21] , [22] Construct Definition
Perceived Ease of Use (PEOU)
It is the degree to which a person believes that using a particular system would be free of effort.
Perceived Usefulness (PU)
It is the degree to which a person believes that using a particular system would enhance his or her job performance.
Quality of System (QOS)
It is the degree to which a person is pleased, hence reducing users' psychological objection to the system or the loss of volition. Perceived Enjoyment (PEnj) It is the degree to which the use of technology is seen to be enjoyable. Intention to use (ITU)
It is the degree to which a person has behavioral intention to adopt the technology.
III. METHODOLOGY
In this section, we present our research hypotheses, research questions, measurement instruments and the demographics of participants.
A. Research Hypotheses
We based our study on user evaluation of prototypes of the blockchain-based research data-sharing framework with the questionnaire deployed as a research instrument to collect data. We set several hypotheses, in our context based on the literature review to investigate the constructs as given in Table I , which are as follows:
• H1: The perceived ease of use will significantly influence the perceived usefulness of the blockchain-based research data-sharing framework. • H2: The perceived enjoyment will significantly influence the perceived usefulness of the blockchain-based research data-sharing framework. • H3: The quality of system will significantly influence the perceived usefulness of the blockchain-based research data-sharing framework. • H4: The perceived ease of use will significantly influence the intention to use the blockchain-based research data-sharing framework. • H5: The perceived usefulness will significantly influence the intention to use the blockchain-based research data-sharing framework. • H6: The quality of system will significantly influence the intention to use the blockchain-based research data-sharing framework. • H7: The perceived enjoyment will significantly influence the intention to use the blockchain-based research data-sharing framework. • H8: The combined effect of perceived ease of use, perceived usefulness, quality of the system and perceived enjoyment will significantly influence the intention to use the blockchain-based research datasharing framework.
B. Research Design
The study was approved by the Behavioral Research Ethics Board of the authors' university. To contextualize the extended TAM tool, we provided participants at the beginning with a brief description of our blockchain-based research data-sharing framework proposed in [2] . Thereafter, we presented the participants with an online survey through SurveyMonkey. The survey instrument is based on constructs validated in [17] , [21] , [22] and adapted to the context of our study. The instrument consists of six items for perceived ease of use, six items for perceived usefulness, four items for quality of system, three items for perceived enjoyment and four items for intention to use. The respective items (questions) in the constructs are shown in Table II . We also added a question to rate the user's confidence level while getting their input for every construct.
We measured the responses to the items on a 7-scale Likert scale from 1 = extremely unlikely to 7 = extremely likely. A total of 22 participants [(Female, male) = (45%, 55%)] took part in the study, but upon data cleaning, 20 were left for analysis. We recruited participants from Academia, who had some research experience. Specifically, around 47% of participants were somewhat familiar, and 53% were highly familiar with other research content sharing social networks such as ResearchGate, Mendeley or Orchid. Also, around 40% of participants were familiar with blockchain and smart contracts technologies while rest were not so familiar the technologies behind the system .   TABLE II. CONSTRUCTS AND ITEMS [17] , [21] , [22] Construct Items
Perceived Ease of Use (PEOU) peou1 -Ease of Learning. peou2 -Controllable. peou3 -Clear and understandable. peou4 -Flexible to interact with. peou5 -Become skillful at using this system. peou6 -Find this system easy to use.
Perceived Usefulness
(PU) pu1 -Using this system would enable me to accomplish data sharing tasks more quickly. pu2 -Using this system would improve my performance with regard to sharing research data. pu3 -Using this system would increase my productivity. pu4 -Using this system would increase my effectiveness. pu5 -Using this system would make it easier to share data. pu6 -I would find this system useful for sharing the research data.
Quality of System (QOS)
qos1 -I would be satisfied with the research paper sharing methodology of this system. qos2 -I would be satisfied with the feature of creating proof of the existence of the research work (ownership). qos3 -I would be satisfied with the feature of allowing users to set permissions for the way to share their data. qos4 -I would be satisfied with the feature of receiving incentives for data sharing (either with an acknowledgment or with monetary value or both).
Perceived Enjoyment (PEnj)
penj1 -I would be satisfied to use this system to share research data penj2 -I would like to use this system to share research data. penj3 -I would enjoy using this system when I need to use it.
Intention to use (ITU) itu1 -I believe it is worthwhile to use this system to share research data. itu2 -I will use this system to share research data. itu3 -I intend to use this system to share research data in the future. itu4 -It is necessary to use this system to share research data.
IV. RESULT
In this section, we first present and briefly analyze the collected data with the descriptive statistic. Then, we present our results of the structural equation model (SEM), which includes the measurement models (internal consistency, composite reliability, average variance extracted, KMO and Bartlett's test of sphericity) and structural models (exploratory factor analysis, regression analysis) and brief analysis of the results. For the second part, we started by fitting the measurement models to the data, and later we tested the underlying structural models. The calculations of descriptive statistics in this study were carried out using MS Excel and IBM SPSS Statistics 25.
A. Descriptive Statistic
Since we measured the responses to the items on a 7scale Likert scale, we categorized the scale in terms of percentage value to analyze the score for each item and overall impression of the construct. Table III provides the category of a percentage value for seven different levels of Likert scale. We collected scores for all the items in perceived ease of use, perceived usefulness, quality of system, perceived enjoyment and intention to use constructs of our model. The preliminary descriptive statistic of the obtained data shows that all of the constructs provide a significant impression in the context of user acceptance of the usable blockchain-based research data sharing prototype.
The obtained scores for different selected constructs indicate that user perceptions on the benefits of using the proposed research data sharing model should be maintained or enhanced by making improvements in order to achieve a higher level of score category. Fig. 3 shows the average results of the constructs which are all in the range from 71.43% to 85.71%; therefore, they qualify for the quite high category. 
B. Measurement Models
We checked the measurement model with the exploratory factor analysis by testing the internal data consistency, reliability and validity of the constructs.
1) Exploratory factor analysis: Based on the recommendation of Hair et al. [25] , factor loadings greater than 0.50 can be considered as significant. We checked the factor loadings in the measurement model to see whether the items in each variable loaded highly on its own construct over the other respective constructs. Fig. 4 presents the factor loadings and their corresponding Squared Multiple Correlation (SMC) for our study. All the indicators in the measurement models had a factor loading greater than 0.50.
2) Convergent Validity: We observed the convergent validity for each construct measure by calculating Average Variance Extracted (AVE) and Composite Reliability (CR) [25] from the factor loadings (see Table IV ). AVE for each construct exceeded the recommended level of 0.50, so over 50% of the variances observed in the items were accounted for by the hypothesized constructs. Similarly, CR should also be above 0.75 to publish the result. In our study, CR for each construct was above 0.80.
3) Reliability of the Measures: We checked the internal consistency for estimating the reliability of a measure by evaluating the within-scale consistency of the responses to the items of the measure. Since our study has multiple-item measurement instruments, we used Cronbach (Coefficient) Alpha [26] for estimating the internal consistency. "Coefficient Alpha assumes: i) unidimensionality, and that ii) items are equally related to the construct; therefore, interchangeable" [26] . In practice, CR does not assume factor loadings to be the same for all items but take into consideration the varying factor loadings of the items, whereas Alpha assumes factor loadings to be the same for all items. As can be seen in Table IV , the Alpha coefficient for each of the four antecedent construct measure is greater than 0.8 (good) while Alpha for intention to use is greater than 0.75 (acceptable) based on the recommendation of [27] . CR and Alphas are related to each other based on factor loadings as more factor loadings fluctuate among items, the higher the discrepancy between the values of CR and Alpha will be.
4) KMO and Bartlett's Test:
We performed KMO test for suitability of data for factor analysis based on [28] and found that the KMO measure > 0.5 (acceptable) as can be seen in Table V . Similarly, based on [28] , we then performed Bartlett's Test of sphericity to check the homogeneity of variance for our structural models-ANOVA and regression models. Our result showed that the significance level was smaller than 0.05 as recommended (see Table V ), which suggested the factor analysis would be useful with our data. 
C. Structural Models
We built a global model for the general population in order to begin our Structural Equation Modeling (SEM) analysis [29] , as shown in Fig. 4 . The model is characterized by coefficients of determination (R 2 's) and path coefficients ( 's). R 2 determines the variance of a given construct explained by antecedents, while captures the strength of the relationship between the selected constructs. The structural model shows different paths linking between perceived ease of use, perceived usefulness, quality of system, perceived enjoyment and intention to use constructs in the context of blockchain-based research data sharing prototype. Table VI shows the standardized path coefficient ( ), t-statistics, p-value and R 2 across selected constructs. According to Chin's guideline [20] , a path coefficient should be equal to or greater than 0.2 in order to be considered relevant. Based on [21] , we normally refer a model to be statistically somewhat significant (*p) when p-value < 0.05, statistically quite significant (**p) when p-value < 0.01 and statistically highly significant (***p) when p-value < 0.001.
In our study, we find that the combined effect of perceived ease of use, perceived usefulness, quality of system, and perceived enjoyment on intention to the blockchain-based research data sharing system are insignificant at p > 0.05. The range of path coefficients is from -0.044 to 0.480. However, the individual influence of quality of system ( = 0.83, p < 0.001) and perceived enjoyment ( = 0.75, p < 0.001) on intention to use is highly significant while there is a moderate and weaker influence of perceived usefulness ( = 0.5, p < 0.01) and perceived ease of use ( = 0.56, p < 0.05) respectively on intention to use. Hence, hypotheses H4 to H7 are supported, whereas hypothesis H8 is not supported. Moreover, we find that perceived ease of use does not relate positively to perceived usefulness ( = 0.453, p > 0.05). However, the quality of system ( = 0.99, p < 0.001) and perceived enjoyment ( = 0.75, p < 0.01) have significant positive effect on perceived usefulness. So, our hypotheses H2 and H3 are also supported, whereas hypothesis H1 is not supported.
V. DISCUSSION
Quality of system is the most significant determinant that influences perceived usefulness and intention to use. When users receive satisfaction with the quality of the proposed blockchain-based system that helps researchers to share their data as per the rules stated on the smart contracts, the system's perceived usefulness will be higher as well as the user's intention to use it. Furthermore, when users enjoy and feel satisfied with the quality of system during their interaction with the prototype system with known benefits for sharing research data, they are quite likely to find the system more useful and extremely likely to adopt it.
Previous research shows [30] , [31] , that the UI design is the most significant external construct that affects perceived ease of use, and since our study used a prototype rather than an actual working blockchain based-system, most subjects may have experienced difficulty in relating the actual userinterface. Thus, the effect of easy to use does not reflect on the users' belief in finding it to be more useful, which explains our failure to confirm H1 (which is predicted by the classical TAM).
The limitation of our study is that our findings are based on small sample size and a prototype-system. Further studies are needed to confirm that the findings generalize for a larger population of users in a real system for sharing research data using blockchains. Yet, the methodology for doing a larger study in the context of a real system will be the same. 
VI. CONCLUSION
User studies are much needed to evaluate technological solutions and observe the effects of different variables using theory-backed models. We proposed using an extended TAM-based model to measure the relationship between perceived usefulness, perceived ease of use, quality of system, perceived enjoyment and intention to use constructs for a prototype research data sharing system based on blockchain technology. Although these constructs have been much investigated previously as antecedents to user acceptance of different technologies in various domains, this paper is the first to investigate the use of TAM for analyzing the factors influencing user acceptance of blockchain-based applications for sharing data, in this case, research data among researchers. The value of this paper is mostly in the methodology, and it opens new directions to study distributed ledger technologies and decentralized applications from the user behavioral modeling perspective. We implemented the descriptive statistic, measurement models and structural models to present our results and used SEM analysis to observe the users' acceptance of the proposed blockchain-based system. In future work, we will investigate the trust that the user has in the blockchain-based system and perform the study in our actual system, rather than in a prototype with sketchy UI. We also hope to recruit a larger and broader participants pool in future studies.
